diScloSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. obJect Spinal metastasis is common in patients with cancer. About 70% of symptomatic lesions are found in the thoracic region of the spine, and cord compression presents as the initial symptom in 5%-10% of patients. Minimally invasive spine surgery (MISS) has recently been advocated as a useful approach for spinal metastases, with the aim of decreasing the morbidity associated with more traditional open spine surgery; furthermore, the recovery time is reduced after MISS, such that postoperative chemotherapy and radiotherapy can begin sooner. methodS Two series of oncological patients, who presented with acute myelopathy due to vertebral thoracic metastases, were compared in this study. Patients with complete paraplegia for more than 24 hours and with a modified Bauer score greater than 2 were excluded from the study. The first group (n = 23) comprised patients who were prospectively enrolled from May 2010 to September 2013, and who were treated with minimally invasive laminotomy/laminectomy and percutaneous stabilization. The second group (n = 19) comprised patients from whom data were retrospectively collected before May 2010, and who had been treated with laminectomy and stabilization with traditional open surgery. Patient groups were similar regarding general characteristics and neurological impairment. Results were analyzed in terms of neurological recovery (American Spinal Injury Association grade), complications, pain relief (visual analog scale), and quality of life (European Organisation for Research and Treatment of Cancer [EORTC] QLQ-C30 and EORTC QLQ-BM22 scales) at the 30-day follow-up. Operation time, postoperative duration of bed rest, duration of hospitalization, intraoperative blood loss, and the need and length of postoperative opioid administration were also evaluated. reSultS There were no significant differences between the 2 groups in terms of neurological recovery and complications. Nevertheless, the MISS group showed a clear and significant improvement in terms of blood loss, operation time, and bed rest length, which is associated with a more rapid functional recovery and discharge from the hospital. Postoperative pain and the need for opioid administration were also significantly less pronounced in the MISS group. Results from the EORTC QLQ-C30 and QLQ-BM22 scales showed a more pronounced improvement in quality of life at followup in the MISS group. coNcluSioNS In the authors' opinion, MISS techniques should be considered the first choice for the treatment for patients with spinal metastasis and myelopathy. MISS is as safe and effective for spinal cord decompression and spine fixation as traditional surgery, and it also reduces the impact of surgery in critical patients. However, further studies are needed to confirm these findings.
T he spine is the third most common site for cancer cells to metastasize, following the lungs and the liver. Approximately 60%-70% of patients with systemic cancer will have spinal metastasis. Of these symptomatic lesions, approximately 70% are found in the thoracic region of the spine, particularly at the level of T4-7. Of the remaining lesions, 20% are found in the lumbar region, and 10% are found in the cervical spine. More than 50% of patients with spinal metastasis have several levels of involvement. 31, 39 Approximately 90% of cancer patients with spinal metastases have bone and/or back pain, followed by radicular pain. Half of these patients have sensory and motor dysfunction, and more than half have bowel and bladder dysfunction. Five percent to 10% of cancer patients present with cord compression as their initial symptom; among these patients, 50% are nonambulatory at diagnosis, and 15% are paraplegic. 10 Radical vertebrectomy with curative purposes is rarely indicated. In fact, total en bloc spondylectomy is reserved for the curative resection of vertebral tumors in patients for whom it is the most suitable and least damaging option, as in the case of a single intracompartmental lesion. 19, 23, 27 Surgery may be palliative, rather than curative, for patients with short-or mid-term life expectancy, aimed to preserve or, whenever possible, improve their quality of life (QOL). In such cases, surgery is considered useful for the stabilization of involved segments, for spinal cord or root decompression, and for tissue diagnosis. The initial functional score is the most important prognostic factor for the neurological recovery of patients undergoing surgery. The ability to ambulate at the time of presentation is a favorable prognostic sign. Loss of sphincter control is a poor prognostic feature, and is mostly irreversible.
Minimally invasive spine surgery (MISS) has been extensively used for successful pain relief through vertebroplasty and kyphoplasty techniques in patients with vertebral metastases. Only recently, more complex MISS procedures, including endoscopy-assisted spinal cord decompression, tumor resection and spinal reconstruction through mini-open approaches, and percutaneous placement of pedicle screws, have been advocated as useful approaches for spinal metastases. 5, 6, 10, 16, 22, 24, 29, 30 The goals with MISS are to achieve outcomes equivalent or superior to those of traditional open spine surgery and to reduce the impact of surgery in critical patients with poor general and neurological conditions with short-or mid-term life expectancy.
Although the superiority of MISS over open spinal surgery has not yet been demonstrated, a trend toward MISS is occurring. This trend is likely due to the lower complication rates and approach-related morbidity associated with MISS, with minimal soft-tissue trauma, reduced intraoperative blood loss/risk of transfusion, improved cosmesis, decreased postoperative pain and narcotic usage, and shorter hospital stays with faster return to work and, thus, reduced overall health care costs. 2, 12, 13, [16] [17] [18] 24, 26, 33, 38 Furthermore, the use of MISS in oncological patients allows for a more rapid initiation of postoperative chemotherapy and radiotherapy than would be permitted by traditional approaches alone.
Despite the benefits described above, some reports have suggested that the minimal surgical exposure used in MISS techniques is insufficient for the complete treatment of the pathology due to significantly decreased visualization, ability to debulk the lesion, and to decompress the spinal cord. 3, 26 The aim of this study was 2-fold: to investigate the safety and efficacy of these MISS techniques in the removal of tumors that have invaded the spinal canal, compressed the spinal cord, and produced acute neurological impairment, and to investigate their safety and efficacy in segmental spine fixation.
methods
A series of 23 oncological patients (6 men and 17 women, mean age 58 years) were prospectively enrolled in this study between May 2010 and September 2013. These patients presented with myelopathy caused by single or multiple spinal cord segment compression due to vertebral metastatic lesions. Patients with a complete neurological deficit (American Spinal Injury Association [ASIA] Grade A) for more than 24 hours and a modified Bauer score greater than 2 were excluded from the study. 20 All patients underwent minimally invasive laminotomy/laminectomy and percutaneous stabilization. This series was compared with another series of 19 patients (7 men and 12 women with a mean age of 52 years), whose records were retrospectively collected before May 2010, who had similar clinical and neurological characteristics, and who underwent posterior spinal cord decompression and stabilization through traditional open surgery.
Both groups received the same surgical treatment, that is, posterior spinal cord decompression and spinal fixation. According to inclusion criteria, regardless of histology, no patient would have benefitted from different and more aggressive surgical goals, such as pedicle removal or total vertebrectomy.
Open surgery was performed via the median posterior approach and extended 1 level above and 1 level below the involved segments, and included a bilateral laminoarthrectomy and a spinal fixation through pedicle screws connected to rods. The MISS procedure was first based on the placement of purely percutaneous pedicle screws; using 2 radiography arches (one giving the anteroposterior view and the other the lateral view), a 4-handed surgery was performed. A further step required a mini-open median posterior approach to expose the laminae of the involved segments. A simple laminotomy, with preservation of the spinous process, except when it was invaded by tumor, was performed, to avoid the exposure and removal of the posterior joints, and to minimize muscle detachment and retraction (which causes excessive bleeding).
For both of the techniques, fragments of the tumors were sampled for histopathological analysis; a nonsuction drain was left in place for 24 hours at the end of the procedure. Evaluation of general and neurological conditions was performed at admittance and at the 30- The statistical analyses were performed using SPSS software (version 15, SPSS, Inc.). A p value of < 0.01 was considered significant.
illustrative cases case 1
A 75-year-old man with a 2-year history of white cell renal carcinoma, which was treated with chemotherapy and radiotherapy, presented with sudden leg weakness, hyperreflexia, and urge incontinence (ASIA Grade C, KPS Score 60, modified Bauer Score 2), after a 1-month history of severe thoracic spinal pain (VAS Score 90 of 100), which was unresponsive to common analgesic agents. Imaging results showed a lesion that was invading the T-12 body and its right pedicle, with initial invasion of the spinal canal ( Fig. 1A-C) . The patient then underwent a pure percutaneous short fixation with transpedicular screws at T-11, L-1, and at the left pedicle of T-12, followed by a mini-open approach, centered at the level of T-12, with a laminotomy.
The patient was mobilized on the 1st postoperative day, with an almost complete resolution of thoracic pain (VAS Score 20 of 100). Intraoperative blood loss was 200 ml, and a red blood cell (RBC) transfusion was not necessary. No opioids were administered during the postoperative period, and the patient was discharged from the hospital on the 4th postoperative day. A postoperative CT scan showed complete decompression of the spinal cord, with segmental fixation (Fig. 1D-F) . At the follow-up, the patient exhibited complete restoration of his neurological deficit (ASIA Grade E), and analgesic therapy with nonsteroidal antiinflammatory drugs (NSAIDs) was only given as needed.
case 2
A 77-year-old woman had a 7-year history of follicular thyroid cancer and previous lung and spine metastases that were treated with left inferior pulmonary lobectomy and right partial T-10 corpectomy with T9-11 anterolateral fixation, respectively. She came to our attention with a new onset of severe thoracolumbar pain (VAS Score 90 of 100) with leg weakness (ASIA Grade C). The progressionfree interval of disease was 3 years, after the conclusion of adjuvant chemotherapy and radiotherapy. Imaging showed diffuse spinal metastatic localizations with pathological fractures at T-9, T-10 and T-11; severe kyphosis of the dorsal spine was evident. MRI also showed spinal cord compression at the T10-11 levels, due to extradural metastatic tissue and progressive kyphosis (ASIA Grade C, KPS Score 60, modified Bauer Score 2) ( Fig. 2A and B) . The patient underwent a pure percutaneous fixation with placement of transpedicular screws at T-7, T-8, T-9 (only on the left pedicle), L-1, and L-2, followed by a mini-open approach centered at the level of T10-11, with laminotomy and positioning of 2 cross-links. The patient was mobilized on the 1st postoperative day. Intraoperative blood loss was 350 ml, and an RBC transfusion was not necessary. No opioids were administered during the postoperative period, and the patient was discharged on the 8th postoperative day. A postoperative CT scan showed complete decompression of the spinal cord and the final fixation construct (Fig. 2C and D) . At follow-up, the patient's neurological condition had improved (ASIA Grade D), opioids were stopped, and analgesic therapy with NSAIDs was started.
results
For the combined groups (n = 42, 29 women and 13 men, mean age 56 years), the primary tumors were lung cancer (n = 15, 35.7%), breast cancer (n = 12, 28.6%), myeloma (n = 4, 9.5%), clear cell renal carcinoma (n = 3, 7%), melanoma (n = 3, 7%), prostate cancer (n = 3, 7%), ovarian cancer (n = 1, 2.4%), and thyroid cancer (n = 1, 2.4%) ( Table 1) . A single level was involved in 29 patients (69%), while 2 or more segments were involved in 13 patients (31%). In 18 patients (42.8%), the fracture involved a single column (open surgery: 52.6%, MISS: 34.8%), while 2 or 3 columns were the site of metastases in the other cases (57.2%) ( Table 1) .
The 2 groups were similar in terms of general and neurological conditions. All patients preoperatively presented with an overall mean KPS score of 58 (57.89 and 58.26 in the open surgery and MISS groups, respectively; p = 0.94); the mean overall modified Bauer score was 2.35 (2.6 and 2.1 in the open surgery and MISS groups, respectively; p = 0.135) ( Table 1) . Pre-and postoperative ASIA scores for both groups are given in Table 2 . The preoperative neurological assessment showed a prevalence of ASIA Grade D in both groups. Regarding neurological status, 27 patients (64%) showed an improvement, 12 patients (28%) remained stable, and only 3 patients (7%) worsened (1 in the open surgery group and 2 in the MISS group; these results were not due to surgery-related complications, but to bad general condition). No statistically significant differences in terms of neurological improvement were demonstrated between the 2 groups (p = 0.574).
Surgical and hospitalization data are given in Table 3 . There were no perioperative complications, except in 1 patient in the MISS group who developed a urinary tract infection. One patient in the open surgery group died on the 14th postoperative day due to metastatic hepatic failure. The mean operation length was 3.2 hours in the open surgery group, while it was 2.2 hours in the MISS group (p < 0.01).
The mean intraoperative blood loss was 900 ml in the open surgery group and 240 ml in the MISS group (p < 0.01). Twelve patients in the open surgery group required postoperative RBC transfusions, while none of the patients in the MISS group required additional blood supply. In the open surgery group, the mean postoperative duration of bed rest was 4 days with a mean length of hospitalization of 9.25 days, and in the MISS group the mean duration of postoperative bed rest was 2 days with a mean length of hospitalization of 7.2 days (p < 0.01). Preoperative scoring for QOL was similar in both groups, according to the EORTC QLQ-C30 and EORTC QLQ-BM22 scales (Table 2) . Results from the EORTC QLQ-C30 questionnaire showed a mean overall improvement at follow-up of 11. 
discussion
Spinal metastasis with spinal cord involvement is a frequent complication in cancer patients, occurring in 30%-50%, and the thoracic spine is often the site of these metastatic lesions. 11, 27, 37 These metastatic lesions can significantly impact a patient's QOL as a result of disabling pain, fractures, or even paralysis due to spinal cord compression. 15, 28 The incidence of spinal metastases is likely to increase as cancer patients live longer, which is partly due to early detection, as well as to improvements in medical care. 4 With recent advances in cancer treatment and care, patients have longer overall survival, thus elevating the risk for systemic metastases, but also emphasizing the importance of treating these lesions to prevent undesired sequelae, and to preserve or, whenever possible, improve the quality of their remaining life. 35, 36 Surgery in the majority of cases of spinal metastases does not have a curative aim, but it provides mechanical stabilization, pain relief, and maintenance of neurological function. 4 Goals of surgery are decompression of neural structures, confirmation of the primary diagnosis, pain relief, debulking or removing the tumor mass to allow for a more effective adjuvant therapy, and spinal stabilization to prevent deformity and allow mobilization.
Surgery in spinal metastases is indicated for cases of progressive neurological deficit before, during, or after chemotherapy and radiotherapy, intractable pain unresponsive to conservative treatment, need for histological diagnosis, radioresistant tumor histology (e.g., renal cell carcinoma and melanoma), and spinal instability (e.g., vertebral fracture).
Many aggressive surgical strategies have been developed to improve outcomes for patients with metastatic spine disease. These strategies are associated with high morbidity and complication rates, especially in patients with numerous neoplasm-associated comorbidities; the indication for aggressive surgery is limited in patients in poor general condition and with a limited life expectancy, such as in our series. 10, 23 In fact, patients with spine metastases often present in poor general condition, suffering from comorbidities, malnourishment, diminished immunity, considerable pain, and limited overall survival. In these cases, extensive surgical procedures or prolonged hospital stays are neither acceptable nor feasible in many patients. Therefore, surgical risks must be weighed against life expectancy and QOL to justify standard surgical interventions.
Recent advances in percutaneous instrument placement have led to the development of minimally invasive approaches for the treatment of spinal metastases that result in less postoperative pain, shorter overall hospital stays, less intraoperative blood loss, and an earlier start to adjuvant therapy. 14, 21, 22, 25, 32 The advantages of these techniques include smaller incisions, which limit wound complications, and the avoidance of back muscle detachment and retraction, which causes postoperative pain and profuse bleeding, thus reducing intraoperative blood loss that requires additional blood supply. These advantages are crucial for maintaining and improving the QOL of cancer patients with short-or mid-term life expectancy. 13, 17, 24 The results of our study seem to confirm the advantages of MISS. The study consisted of 42 patients with different primary tumors, who presented with a low KPS score and acute myelopathy due to spinal cord compression, compromising their QOL. Furthermore, all of the patients had low modified Bauer scores, which meant that they only required a short-or mid-term surgical palliation through posterior decompression and spinal segmental fixation. 20 All patients underwent fixation, either because they presented with a clear preoperative instability or to prevent postsurgical instability. 34 A major surgical approach, which aimed for a gross-total or complete resection of metastases, was not indicated for any of the patients in the series.
The main goal of the MISS technique is to avoid large exposure and detachment of the paraspinal muscles through percutaneous insertion of pedicle screws and rods and the use of the mini-open midline approach, thus resulting in reduced bleeding and postoperative pain. Using the standard techniques of fixation, all of the posterior elements from the vertebra above to the vertebra below the involved segments are exposed and skeletonized, resulting in much more aggressive damage to the back muscles and soft tissues. We have always placed the shortest possible implant, compatible with the biological behavior of the lesion (i.e., osteolytic or osteoblastic), the number of segments involved, and the columns involved for each segment. To this aim, in cases in which the lesion was partially invading the vertebra, pedicle screws are also inserted in the fractured vertebrae. We strongly suggest a 4-handed surgery with the 2 radiography arches to insert the pedicle screws in order to reduce the operation time and minimize radiation exposure. Nevertheless, criticism remains in terms of the ability of MISS to obtain satisfactory spinal cord decompression, due to the erroneous conviction that the greater the surgical exposure, the better results achieved. This conviction must finally be eradicated. In fact, MISS techniques have demonstrated easy access to the spinal canal and complete spinal cord decompression and roots.
Our results demonstrate that the standard open surgery techniques and the MISS techniques are equivalent in terms of the ability to achieve early neurological improvement in patients with acute myelopathy due to spinal cord compression. Our results confirm that the MISS technique has a clear and significant advantage over standard open techniques in terms of blood loss, operation length, and hospital stay; the results also confirm the safety of the MISS technique, with no patients presenting with perioperative surgery-related complications.
We decided to compare the QOL results at an early follow-up, since, in patients with metastatic cancer, the late follow-up is generally conditioned by the progression of the primary disease, which can produce a bias when evaluating the surgical results for neurological restoration alone. Facing an equivalent neurological recovery, at the 30-day follow-up patients in the MISS group presented with a better outcome in terms of QOL than patients in the open surgery group. This result was confirmed by the functional and symptom scale scores. This result is particularly important for a series of patients with short-to mid-term life expectancy.
Some patients in our series presented with early worsening of neurological conditions and/or pain due to the severity of their preoperative status, which conditioned the postoperative results. All of these patients were older than 60 years, except one, who presented a history of drug addiction. This result suggests that age is a very important prognostic factor to consider in patients with metastatic disease before choosing surgical strategies, especially those with more aggressive disease.
The advantage of MISS techniques in achieving an early better QOL seems to be related to their ability to reduce postoperative pain for both surgery-related and spinal metastasis-related components. In fact, VAS score improvement was significantly greater and the need for opioids was significantly lower in patients in the MISS group than patients in the open surgery group. The reduction in the administration of opioids is a useful and important result, since their prolonged use can lead to complications in patients with systemic metastases, such as severe constipation or alterations in consciousness.
conclusions
Surgery is a palliative but mandatory treatment for patients with myelopathy due to vertebral metastases, with the aim to preserve or, whenever possible, improve QOL.
Although MISS and open surgery are equivalent in terms of safety and early neurological recovery, MISS seems to reduce the length of surgery, blood loss, hospital stay, and the need for postoperative opioid agents; these effects appear to translate to a better QOL. In our opinion, MISS techniques should be the first choice of treatment for spine metastatic patients with myelopathy, because they may obtain as safe and effective spinal cord decompression and spine fixation as that with traditional surgery, and also may reduce the impact of surgery in critical patients. Further studies are needed to confirm these findings.
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